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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. :4a|e3Me shows tho word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Clain\4^^^ts the hard-anodic-oxidation-coatings covering member characterized by covering the coat in which this 
h£iri^^^dic oxidation coatings contains aluminum. Ti. Or. N, and O at least in the hard-anodicoxidation-c eatings 
covering member which covered the hard anodic oxidation coatings one layer or more than two-layer. 
[Claim 2] composition (NwO(AlaTibCrc)l-w) of the layer which constitutes this hard anodic oxidation coatings in a 
hard-anodic-oxidation-coatings covering member according to claim 1 — however, 30<=a<=70, 30<=b<=70, 
0.5<=c<=20, a+b+c=100, 0.7<=w<=0.99. and the hard-anodic-oxidation-coatings covering member that comes out and is 
characterized by a certain thing 

[Claim 3] It is the hard-anodic-oxidation-coatings covering member characterized by this number of layers being 
3-1000 layers in a hard-anodic-oxidation-coatings covering member according to claim 1 to 2. 

[Claim 4] It is the hard-anodic-oxidation-coatings covering member characterized by the thickness of this layer being 
5nm - 2000nm in a hard-anodic-oxidation-coatings covering member according to claim 1 to 3. 

[Claim 5] The hard-anodic-oxidation-coatings covering member characterized by constituting a hard anodic oxidation 
coatings from A layers with few oxygen contents, and a B horizon with many oxygen contents in a 
hard-anodic-oxidation-coatings covering member according to claim 1 to 3. 

[Claim 6] The oxygen content of one to 1 0 atom % and this B horizon is a hard-anodic-oxidation-coatings covering 
member characterized by the oxygen content of this A layer being ten to 30 atom X in a . 
hard-anodic-oxidation-coatings covering member according to claim 5. 

[Claim 7] The hard-anodic-oxidation-coatings covering member characterized by covering a part or the whole of this A 
layer and/or a B horizon, and an oxygen content having inclination composition in a hard-anodic-oxidation-coatings 
covering member according to claim 5 to 6. 

[Claim 8] The hard-anodic-oxidation-coatings covering member characterized by the crystal structure of this hard 
anodic oxidation coatings being NaCI type in a hard-anodic-oxidation-coatings covering member according to claim 1 
to 7. 

[Claim 9] The hard-anodic-oxidation-coatings covering member characterized by the value of I (200)/l (111) being one 
or more in a hard-anodic-oxidation-coatings covering member according to claim 1 to 8 when the diffraction intensity 
of I (200) and a ^ (1 1 1 ) side is set to I (11 1) for the diffraction intensity of the field in X "M^m^M" (200) of this hard 
anodic oxidation coatings. 

[Claim 10] The hard-anodic-oxidation-coatings covering member to which this hard-anodic-oxidation-coatings crystal 
gestatt is characterized by the detailed columnar crystal or the amorphous thing in a hard-anodic-oxidation-coatings 
covering member according to claim 1 to 9. 

[Claim 11] The hard-anodic-oxidation-coatings covering member to which particle size of this detailed columnar 
crystal is characterized by being 250nm or less in the position of lOOOnm - 1500nm from the interface of a hard anodic 
oxidation coatings and a base in a hard-anodic-oxidation-coatings covering member according to claim 1 to 10. 
[Claim 12] The hard-anodic-oxidation-coatings clothing member characterized by the compressive stress which 
remains to this hard anodic oxidation coatings being 3.5 or less GPas in a hard-anodic-oxidation-coatings covering 
member according to claim 1 to 11. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the wear-resistant member which has high 

abrasion resistance and oxidation resistance while it is excellent in solid-lubrication nature. 

[0002] 

[Description of the Prior Art] In order to give abrasion resistance, oxidation resistance, and lubricity in a tool metallurgy 
type and a machine part, it is general to cover various hard anodic oxidation coatingss. Although typical TiN and TiCN 
coat are excellent in abrasion resistance, they have a problem in oxidation resistance. Moreover, lubricity is low 
although TiAIN system coat proposed by JP.62-56565,A etc. is excellent in abrasion resistance and oxidation 
resistance. Although CrN and OrCN system coat are excellent, a coat degree of hardness is low and they are inferior to 
abrasion resistance in lubricity. Thus, the present condition is the result of the conventional coat being inferior in 
abrasion resistance, oxidation resistance, and lubricative either, and having a certain trouble in each intended use. 
Although the proposal which covers MoS system coat which is excellent in lubricity on a 

hard-anodic-oxidation-coatings front face is made by JP.5-23961 8.A etc. in order to give lubricity, it has come 
moreover. ] to obtain result with it [ bad adhesion and ] [ sufficient ] Thus, although the proposal which covers CrN 
system coat in the upper layer of TiAIN system coat is also made as shown in JP,11-156992.A in addition to MoS 
system in order for there to be a certain trouble and to solve it. since the whole thickness has a certain amount of 
limit, it is not satisfied of the thickness of TiAIN coat with the conventional coat in respect of not being enough and 
abrasion resistance. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention alms at raising these properties, without degrading abrasion 

resistance, oxidation resistance, and lubricative all. 

[0004] 

[Means for Solving the Problem] In the hard-anodic-oxidation-coatings covering member with which this invention 
covered the hard anodic oxidation coatings in order to solve the above-mentioned technical probrem, this hard anodic 
oxidation coatings covers the coat which contains aluminum. Ti, Cr, N, and O at least one layer or more than two-layer. 
Moreover, composition of each class which constitutes a hard anodic oxidation coatings as an embodiment superior to 
this invention's (AlaTibCrc) ** (NwOl-w) however. 30<=a<=70, 30<=b<=70, 0.5<=c<=20, a+b+c=100, 0.7<=w<=0.99, and 
a sushi — The thickness of each class which the number of layers makes 3-1000 layers sets to 5nm - 2000nm. Should 
constitute the hard anodic oxidation coatings from A layers with few oxygen contents, and a B horizon with many 
oxygen contents. The oxygen content of A layers makes the oxygen content of one to 10 atom X. and a B horizon ten 
to 30 atom %. Use as NaCl type the crystal structure of a hard anodic oxidation coatings which covers a part of each 
class or whole each class, and considers an oxygen content as inclination composition. The diffraction intensity of the 
field In X ****** (200) of a hard anodic oxidation coatings 1 (200), When the diffraction Intensity of a ** (1 11) side is 
set to I (1 1 1), make the value of I (200)/l (1 1 1) or more Into one. Setting to 3.5 or less Gpas compressive stress to 
which the particle size of a detailed columnar crystal which makes the hard-anodic-oxidation-coatlngs crystal gestaht a 
detailed columnar crystal or the amorphous gestaft remains to a hard anodic oxidation coatings and the hard anodic 
oxidation coatings set to 250nm or less in the position of lOOOnm - ISOOnm from the interface of a base etc. Is 
mentioned, this invention uses Ti, aluminum, and Cr and N as an indispensable component, and adopts the hard anodic 
oxidation coatings which added oxygen to this. Although Ti and aluminum contribute as a wear-resistant component 
with natural and it contributes as a component which Cr gives lubricity, just this Is not enough and the result which 
gives oxidation resistance and lubricity much more Is brought by adding oxygen to this. 
[0005] 

[Function] Especially about the effect which adds Cr to this on the basis of TIAIN. the further oxidation-resistant 
enhancement is mentioned in the first place In a cutting tool. It is a well-known fact that in TIAIN aluminum Is spread 
on a front face inside a coat in connection with oxidization, suppress permeation from the exterior of oxygen by forming 
the oxide of aluminum, and oxidation resistance improves. However, since the oxide of very porous Ti is formed directly 
under the oxide of aluminum in this case, when especially the impact of a cutting tool etc. is applied, it is difficult [ it ] 
for the oxide of aluminum to be easily omitted, and to continue and demonstrate the effect. It is the same also at the 
case of metal mold etc. The oxide of porous Ti formed directly under [ oxide ] aluminum of addition of Cr turned into 
the oxide of TiCr, and this oxide became clear [ forming a very precise layer ]. Therefore, adhesion will be maintained 
and result oxidation resistance of the oxide of aluminum formed in the maximum cortex will improve. 
[0006] The second effect of Cr addition is giving the outstanding lubricity which the Cr's itself has to TiAIN coat. 
Although coefficient of friction with the steel of TIAIN is 0.7-0.8. it Is Improved by 0.3-0.6 in connection with Cr 
addition. It depends for this coefficient of friction on the addition of Cr. However, since a coat degree of hardness will 
fall and abrasion resistance will become bad if there are too many additions of Cr, it is desirable to set an upper limit to 
an addition. 

[0007] Although the effect that only Cr addition makes the lubricity of TiAIN system coat and oxidation resistance 
Improve as mentioned above but is checked. Just Cr is not enough and still much more improvement accepts by adding 
oxygen to this. About the addition effect of oxygen, the oxidation-resistant enhancement in fast and the lubricative 
enhancement in fast are mentioned in the first place. While the crystal of a coat makes It detailed and the coat itself 
becomes precise in connection with adding oxygen inside a coat to the oxidation-resistant enhancement In fast, when 
the grain boundary also becomes precise, it is considered to be the ground that the oxygen diffusion rate to permeation 
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of the oxygen from the exterior is suppressed remarkably. Although not fully solved about lubricity, it is considered to 
be the ground that the compatibility with steel falls by the oxygenation. 

[0008] The residual compression stress of the second coat of the oxygenation effect declines, and the wear-resistant 
enhancement resulting from the adhesion of a coat improving is mentioned, especially — the bottom of a deep-cuts 
condition, and forging — metal mold — in a field, the adhesion of a coat serves as a very important element It will 
become a sudden life if big sublation occurs while it is in the inclination that wear advances by minute sublation of a 
coat. The intensity Is improved more than 100N by adding oxygen to this to the sublation critical load by the scratch 
test of the coat of TiAlCrN system being 60-80N. 

[0009] However, although the abrasion resistance which originates in above-mentioned oxidation resistance, lubricity, 
and the enhancement in adhesion in connection with the increase in an addition of oxygen improves, it brings the result 
in which the coat degree of hardness itself softens on the other hand, and abb wear nature deteriorates. 

Therefore, it is important that the optimum composition layer for contributing to oxidation resistance and lubricity and 
the optimum composition layer contributed to abb wear are multilayered. it is more desirable, and the result 

by which both advantage is composite-ized by multilayering is brought. 

[0010] Next, the ground which limited the numeric value is explained. Since the oxidation resistance of a coat will 
deteriorate if it is under 30 atom %. AIN which has an hep structure will be formed into a coat and a coat intensity will 
deteriorate if 70 atom % is exceeded, aluminum is not desirable. Since the abrasion resistance of a coat will deteriorate 
if it is under 30 atom and the oxidation resistance of a coat will deteriorate if 70 atom % is exceeded. Ti is not 
desirable. If porous Ti oxide is formed, and Cr does not contribute to oxidation-resistant enhancement but 20 atom % is 
exceeded, the degree of hardness of a coat softens, and its abrasion resistance deteriorates and is not desirable at 
under 0.5 atom X. Oxygen is not desirable in order to cause malacia of a coat degree of hardness, if it does not 
contribute to the enhancement in oxidation resistance, lubricity, and adhesion but 30 atom % is exceeded under by 1 
atom % to nitrogen. 

[001 1] If one of faults will become remarkable, the compound effect will not accept, as it mentioned above, although 
each effect was demonstrated, if the multilayer number of coats is less than three layers, but 1000 layers are 
exceeded, since there Is an inclination which residual stress increases and spoils the adhesion of a coat while it 
similarly stops the compound effect accepting thinly, the thickness of each class is not desirable. The same is said of 
the thicknesis of each class, and if the effect of the advantage which each class has in less than 5nm fades and 
2000nm is exceeded, the actuality of covering of about at most three layers Is lost, and it is not desirable. 
[001 2] As mentioned above, a hypoxia coat has few degree-of-hardness falls, the purpose which makes a multilayer a 
hypoxia inclusion layer and a hyperoxia inclusion layer contributes to abb-proof wear, although a coat degree 

of hardness tends to fall, both effect is composlte-lzed by an anti-oxidation and the effect contributed to lubricity 
being large, and covering these to a multilayer, and a hyperoxia inclusion coat brings a desirable result. In a hypoxia 
inclusion layer, since abb-proof wear nature will deteriorate if the adhesion with a hyperoxia inclusion layer 

deteriorates and an oxygen content exceeds 10 atom % under by 1 atom %, it is not desirable. On the other hand, if the 
oxygen content of contribution is thin to oxidation resistance and lubricative enhancement at under 10 atom % and 30 
atom % is exceeded in a hyperoxia Inclusion coat, a degree of hardness will soften remarkably, abrasion resistance is 
degraded, and it is not desirable. 

[001 3] Although a problem does not have a multilayer with simple this hypoxia inclusion coat and hyperoxia inclusion 
coat in any way. either, the adhesion of each class brings the result which improves further by making an oxygen 
content inclination-ize in each class, lessening change of an oxygen content in an interface as much as possible, or 
making an oxygen content continuityHze like a sign curve. 

[0014] In the crystal gestalt. since NaCI type has many sliding surfaces, an about 3000-HV upper limit exists in the 
coat degree of hardness in an elevated temperature, and the life which there was little occurrence of the micro crack 
in a coat, and was stabilized when it excelled in opposite side toughness although a raise beyond this In a degree of 
hardness was difficult, and occurrence of a chipping and impact were applied is attained. 

[001 5] If the crystal orientation of a coat forms membranes by the low energy comparatively depending on covering 
conditions (200), orientation of it will be strongly carried out to a field, and when membranes are formed by the high 
energy (111), it has the inclination which carries out orientation to a field. Although, as for the membrane formation 
speed of a coat, the case where membranes were formed by the low energy became late, a density of film improves and 
bringing the result excellent in oxidation resistance and abrasion resistance was checked. Therefore (200). when a field 
diffraction intensity is stronger than a field (111) diffraction intensity, further excellent oxidation resistance and 
abrasion resistance are demonstrated, and it is thought that it Is more desirable. In addition, in lubricity, crystal 
orientation was not what does big infiuence. 

[0016] The diameter of crystal grain of a coat is determined in the fracture surface SEM, sets up ^ parallel to a base 
in the position of lOOOnm - ISOOnm from a base front face, and specifies it from the number of the grain boundaries 
which cross this. In this case, if the diameter of coat crystal grain exceeds and makes 250nm big and rough, abrasion 
resistance and a coat intensity deteriorate and are not desirable. Although the shape of an amorphous substance is not 
amorphous in fact here, the case where the clear grain boundary Is not observed on fracture surface observation Is 
said. In such a case, especially oxidation-resistant remarkable enhancement is checked. 

[001 7] Since adhesion will deteriorate if 3.5Gpa is exceeded although it is mainly dependent on covering conditions, the 
compressive stress which remains to a coat is not desirable. In addition, even if the coats of this invention are any of 
an arc ion-plating method, a sputtering method, an electron gun vaporization method, and a plasma assistant CVD 
method, the inclination may be the same and may be the combination of these all directions formula. 
[0018] 

[Example] Next, the desirable example of this invention is explained with the example of a comparison. The coat of the 
example of this invention and the example of a comparison was created with the arc ion-plating method Composition 
of AITiCr was adjusted by adjusting metal composition of the cathode target which is an evaporation source. The 
oxygen content was multilayered by change of gas while it was adjusted by adjusting the mixing ratio using the mixed 
gas of nitrogen and oxygen. The crystal orientation top was fundamentally adjusted on covering conditions, the 
orientation (200) coat set 70V reaction pressure to 1 Pa for the bias voltage which ****s covering conditions to a base, 
and the orientation (111) coat created bias voltage by setting 200V reaction pressure to 0.5Pa. In addition to this. I 
(200) / I (111) ratio is somewhat dependent also on coat composition and an oxygen content. 
[0019] 
[Table 1] 
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[0020] The detail of the example of this invention and the example of a comparison is shown in Table 1. In addition, the 
thickness of a coat was altogether unified by 3000nm - 3200nm in the example of this invention, and the example of a 
comparison this time. 
:0021] 
iTable 2] 
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[0022] Measurement results, such as a coat degree of hardness which should be contributed to the oxidation 
resistance of the example of this invention shown in Table 2 in Table 1 and the example of a comparison, lubricity, and 
abrasion resistance, are shown. Oxidation resistance measured the increase of a weight around [ by the oxidization at 
the time of holding in 900 degrees C among the atmospheric air ] unit time. Lubricity was evaluated by measuring 
coefficient of friction with carbon steel. The degree of hardness computed Vickers hardness number from the indenter 
penetration depth in 1g load using the nano indenter. It is clear that the example's of this invention it is the result of 
excelling the example of a comparison also in any. 
[0023] 
[Table 3] 
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[0024] The tool life when carrying out end-mill cutting for the example shown in Table 1 under the following conditions 
is shown in Table 3. 

Base composition 90WC-9.5Co-0.5 particle-size [ Cr and WC ] tool of 0.8 micrometers A six sheet blade. **-ed [ of 
diameters / 8mm end-mill ] material SKD1 1 (HRC63) 

Cutting speed 100m / the amount of min slittings 8mm x 0.8mm feed per revolution 50 micrometers / blade dry type, 
and a wet The dry-type cutting life criterion was taken as the time of an end mill breaking. Also in any, the example of 
this invention is long lasting, and its effect of the multilayer structure which added Cr and oxygen in TiAIN system is 
clear. 

[0025] The result at the time of cairying out a hole dawn manipulation on the conditions shown in Table 3 below in the 
example of this invention and the example of a comparison which were shown in Table 1 is written together. The thrust 
force is the result of measuring [ initial 10 of cutting hole ]. The number of holes when a drill breaks estimated the life. 
Base composition 91. **-ed [ 5WC-8Co-0.5 Cr and WC particle-size ] material SKD61 (HRC42) [ of 0.8 micrometers ] 
diameter of a drill 8mm cutting speed 80m / min feed per revolution 0.2mm / rev hole depth 32mm dry type and a wet 
one the example of a dry-type cutting this invention — very — the thrust force — low — a result — being long lasting 
— things — being clear . 

[0026] Next, the example of this invention and the example of a comparison were made as an experiment in the insert 
die of cemented carbides, and it cut by the following cutting conditionss. The result is written together to Table 3. 
These cutting conditionss are conditions from which a cutting speed becomes it is quick and important [ the oxidation 
resistance of a tool ] in face cutter cutting. 

Base P30 grade cemented-carbide insertion SEE42TN (20 degree recess) 
**-ed material SKD61 (HRC22) 

Cutting speed It cuts deeply 400m / min. It sends 1mm. 0.1mm / blade dry type, and a wet The dry-type cutting life 
judging was taken as the cutting time until flank average wear becomes 0.4mm. In the example of this invention, the 
remarkable enhancement in a life was checked so that clearly from Table 3. 
[0027] 

[Effect] The enhancement in the coat adhesion by the thing for which not only making oxidation resistance improve but 
it gives lubricity without a wear-resistant degradation, and the reduction in stress is possible for TiAICrON system 
multilayer which added Cr and oxygen to TiAIN system coat, and it can demonstrate the property which was excellent 
in high-speed dry-type cutting. Moreover, also in the intended use of hot forging etc., the effect is the same. 
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